The demonstration of the complete dependence of the spontaneous liberation of epinephrin from the adrenals upon the integrity of their nerve supply naturally raises the question where the central mechanism which sustains this secretion is situated. We are not aware of the existence of evidence upon this point. Elliott's statement t that exhaustion of the store of epinephrin in the adrenals by electrical excitation of afferent nerves does not occur if the cord is transected anywhere below the level of the vasomotor center in the medulla oblongata, but does occur when transection of the brain-stem is made just above the anterior corpora quadrigemina, has no direct bearing on the question. For it has not been proved that the exhaustion of the store is due entirely or mainly to increase in the rate of liberation of epinephrin, on which Elliott made no observations. A change in the amount of the store of epinephrin would merely show that some alteration had occurred in the relation between the rate of formation and the rate of discharge of the epinephrin. Nor would such observations even if they were accepted as proving an increase in the liberation brought about reflexly through a center in the bulb or higher up, give any indication whether the steady spontaneous liberation of epinephrin is sustained from a center at this level. Absence of effect of afferent stimulation upon the epinephrin store after section of the cord just below the bulb likewise affords no indication whatever that the rate of spontaneous liberation of epinephrin has been interfered with. As a matter of fact, we have found in cats that after transection of the cord at various levels in the cervical region, the secretion of epinephrin into the blood, far from being abolished, proceeds without interruption. The rate of liberation may even remain sensibly the same, within the limits of error of the methods used for estimating it, as before the section. This is illustrated in Experiment 1, in which adrenal blood was obtained from a cava pocket before and after section of the cord opposite the body of the fourth cervical vertebra, between the fourth and fifth cervical segments. Experiment 1. Condensed Protocd.--Cat; weight 2.31 kilos. The animal received 4 gm. of urethane by stomach tube at 12.30 p.m., and 2 grn. at 2.00 p.m.
2.15 p.m. Tracheal and jugular cannulas were inserted and a specimen of jugular blood was obtained. The cord was exposed for about a segment in the midcervical region. A short cava pocket was then made, all the arteries (renal, celiac, and superior mesenteric, and abdominal aorta) being tied. Artificial respiration was started while the animal was breathing well spontaneously, and collection of blood from the adrenals begun. i0 " 7 " 10 " 7 " 10 " gm.
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Mter collection of the second adrenal specimen the cord was cut completely at the level of the body of the fourth cervical vertebra, between the fourth and fifth segments, as verified post mortem. After collection of the sixth adrenal specimen it was verified that the section of the cord was complete. After collection of the eighth specimen, while the pocket was still clipped off, blood was obtained from the abdominal aorta. The proportion of corpuscles in the blood (hematocrit) was 25.5 per cent. Combined weight of adrenals 0.440 gm.
In Figs. 1 to 3 are reproduced some of the tracings from the rabbit intestine and uterus segments on which the blood specimens were tested. At 2 (Fig. 1 ) the Ringer's solution in which the intestine segment was beating was replaced by indifferent (jugular) blood, and this at 3 by the second adrenal blood specimen, collected just before transection of the cord. The inhibition of the intestine, and therefore the concentration of epinephrin in the blood, was obviously much less than with the sixth adrenal specimen, collected after section of the cord (Observation 7). The inhibition produced by the sixth specimen was less than that produced by the eighth (Observation 10). The progressive increase in the concentration is associated with the progressive slackening in the blood flow in successive samples. This is a phenomenon always observed in animals with intact central nervous system when the rate of flow happens to be diminishing, and it is undoubtedly due to the fact that the rate of liberation of epinephrin per unit of time remains approximately constant, at least for considerable periods, under the experimental conditions. The mere inspection of these tracings is of itself sufficient to show that section of the cord at the level mentioned cannot have caused any very great change in the rate of liberation of epinephrin. Figs. 2 and 3 are some of the tracings taken to assay the concentration of epinephrin in the second adrenal blood specimen and in the eighth specimen, collected respectively before and after the cord section. The adrenalin used for the epinephrin assays was always freshly assayed colorimetrically. It was found that the concentration in the second specimen was approximately 1:13,000,000 (Fig.2 , Observations 36 and 38), an unusual degree of dilution corresponding to the unusually high rate of blood flow, associated with the high blood pressure before division of the cord, which is generally seen when all the arteries mentioned in the protocol have been ligated. The concentration in the eighth specimen was much greater than 1: 1,600,000, and slightly less than 1:800,000 (Fig. 3, Observations 20, 22, and 24) . The blood flow after section of the cord dropped abruptly, owing to paralysis of vasoconstrictors in spite of the previous ligation of arteries. It will be noted that the blood flow during collection of the eighth specimen was only onesixteenth or one-seventeenth as great as during collection of the second specimen, while the concentration of epinephrin in the eighth specimen was approximately sixteen times as great as in the second. In other words, the output of epinepkrin (0.0004 mg. per minute) was not altered by the cord section.
It might be objected that the small blood flow during collection of the eighth specimen was not sufficient to prevent partial asphyxia of the adrenals, and that by some direct effect of this condition on the cells of the medulla an abnormal liberation of epinephrin, not mediated through the nervous system, took place. This objection is entirely without weight. For with even smaller flows through adrenals whose innervation has been interrupted no such liberation occurs3 After all, a flow of about 100 gin. of blood per 100 gin. of tissue, although small for the adrenal, is scarcely a starvation allowance.
It might much more plausibly be argued that the calculated output of epinephrin for the eighth specimen is likely to be less than the true rate after section of the cord, provided that the blood flow had not diminished. For it is quite unusual to find under any circumstances in adrenal blood collected in a cava pocket a much greater concentration than 1: 1,000,000. If, then, with a declining rate of blood flow the maximum possible concentration has once been reached, the rate of liberation calculated for smaller flows will be less than the gland is capable of sustaining under the given experimental conditions with a more copious flow of blood. However, it is only when the calculated rate of liberation for the smaller flow is much less than for the larger flow, that any such question could arise. When with a relatively small blood flow the calculated output of epinephrin per minute is as great as with a larger flow all our experience goes to show that the rate of output calculated from the concentration and the blood flow can be legitimately compared for a wide range of blood flows lying above this smallest flow.
In the next experiment, the cord was transected at a slightly higher level between the third and fourth cervical vertebrae, through the fourth segment just above the origins of the fourth pair of cervical nerves, as shown at autopsy. The spontaneous liberation of epinephrin was studied by means of the eye reactions, the superior 2 Stewart, G. N., and Rogoff, J. M., Proc. Soc. Exp. Biol. and Med., 1916--17, xiv, 145; Marine, D., and Rogoff, J. M., J. Pharm. and Exp. Therap., 1916--17 , ix, 1. cervical ganglion having been previously excised. The eye reactions were employed because they afforded a convenient means of investigating the effects of section of the nerves going to the adrenals upon the spontaneous liberation after section of the cervical cord. Small; in 38-40 sec. " " 43 sec.
None.
The pocket filled very slowly throughout the experiment; the heart was feeble.
In this experiment, as will be seen from the protocol, section of the cord at the level mentioned caused no noteworthy change in the eye reaction, certainly no clear diminution. The circulation was poor both before and after the section. The cava pocket filled slowly and the interval between the release of the pocket and the beginning of SPONTANEOUS LIBERATION OF EPINEPI-IRIN the pupil dilatation was correspondingly long. Yet approximately the same time of collection was required to evoke a reaction of given magnitude before and after section of the cord. After division of the splanclmics in the abdomen and the sympathetic trunks in the thorax no eye reactions could be obtained, even with much longer periods of collection in the pocket; that is, the liberation of epinephrin after section of the cord must have been sustained from some part of the cord below the fourth cervical segment, and through the same nerves as with intact central nervous system.
It may be explained here that even when the cava pocket has been kept closed for so long a period that it is unable to receive any more adrenal vein blood, there is good evidence that the output of epinephrin still goes on into the blood of the adrenal capillaries at an approximately constant rate; and that when the pocket is released the full effect of this epinephrin is exerted in eliciting the eye reactions or increasing the blood pressure, just as if the blood had actually passed into the pocket. So that in the course of an experiment, the reactions evoked when a pocket clipped off for a given length of time is released are substantially of the same magnitude, whether the pocket has been overfiUed or underfilled in that time. Of course, the interval after which the reactions occur is greatly influenced by the rate of the circulation, since the epinephrin-containing blood released from the pocket will take longer to reach the reacting structures with a slow than with a rapid blood flow. With a very slow flow, also, the blood collected in a pocket may be so small in amount that it is not promptly or completely passed into the circulation on release of the pocket. It is further to be expected that below a certain rate of flow the function of the adrenal medullary cells, as already suggested, will be interfered with. In that case, the steadiness, for given conditions, in the output of epinephrin per unit of time, which is so strikingly manifested over a wide range in the rate of the blood flow, will no longer be maintained. Our experience shows, however, that this point is not easily reached.
In the next experiment transection was made about two segments lower in the cervical cord, in order to localize more sharply the level of the cord concerned in the spontaneous secretion of epinephrin. Good.
* With each period of stimulation both pupils dilated instantaneously, and proportionally to the same extent, but the left pupil still remained wider than the right. After section of both cervical sympathetics, stimulation of the cord still caused dilatation of both pupils. At autopsy it was found that the cord had been cut between the fifth and sixth cervical segments. None.
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In this animal the denervated eye reactions were employed and an interesting preliminary observation was made upon them without some reference to which the first part of the protocol would probably appear as puzzling to the reader as the observations did to us when they were being made. The left superior cervical ganglion had been excised a week before the experiment. The eye reactions ought, therefore, to have been easily obtained in the pocket experiments made between 11.40 and 12.05 before section of the cord. In the numerous observations made by us, we have, apart from this experiment, scarcely ever had a negative result, especially with a duration of occlusion of the pocket as long as 5 minutes, and with the good blood flow and satisfactory filling of the pocket which existed in this cat. It was conceivable, of course, that for some reason the adrenals might have been giving off much less epinephrin than usual; or that the reactions of the iris, etc., might have been unduly depressed by the anesthetic, although there was nothing in the behavior of the animal to indicate that the urethane, a very uniform anesthetic, as is well known, had affected this animal at all differently from any of the others. Desiring to increase the output of epinephrin to the maximum, we stimulated the cord with needle electrodes, hoping thus to strike the secretory path, but again with a negative result as regards the eye reaction. Even withthe collection of adrenal blood ill the pocket for as long as 3 minutes during stimulation no eye reactions were obtained. Stimulation of the cord, however caused immediate dilatation of the pupils of both eyes. This dilatation was still elicited after section of both vago-sympathetics in the neck, and may be attributed to stimulation of afferent fibers in the cord. But the interesting point was that after section of the cervical sympathetics excellent eye reactions were now evoked with collections of adrenal blood in the cava pocket much shorter than those which gave a negative result before division of the nerves. The most probable conclusion would seem to be that some small part of the superior cervical ganglion had escaped excision, and that the innervation of the eye through the cervical sympathetic was not entirely interrupted, although it was impossible to verify this at autopsy on account of scar tissue. The change in the sensitive structures of the iris and nictitating membrane, on which the increased power of reaction to adrenalin depends, must be assumed to have developed as usual after removal of the ganglion, although prevented from manifesting itself, even in the presence of a quantity of epinephrin more than sufficient to evoke good reactions, until the control of the remaining sympathetic fibers was removed.
It will be seen from the protocol that after section of the cord between the fifth and sixth cervical segments excellent pupil and nictitating membrane reactions were still obtained. The reactions were not noticeably less for equal periods of collection of blood in the pocket than before the section, although the interval after which they occurred was somewhat lengthened, corresponding to the slower blood flow. Subsequent division of tile major and minor splanchnics ill the abdomen greatly weakened the reactions and increased the time of collection necessary to elicit even a feeble response. Further section of fibers coming to the adrenals abolished the reactions even with v e r y long periods of collection. This was n o t due to total loss of sensitiveness of the reactive structures in the eye. F o r even at the end of the experiment a slight b u t definite response was still obtained on injection of 0.002 rag. of adrenalin.
As a first approximation towards defining the lower limit of the region of the cord concerned in the spontaneous liberation of epinephrin the following experiment was performed, b o t h eye reactions and rabbit segment tests being employed. 1.20 p.m. Put cannula in lower end of cava, making a short pocket, and collected two specimens of adrenal blood. First specimen, 1.6 gin. in 5 min., 45 sec. (0.3 gm. per min.); second specimen, 3.7 gm. in 20 rain. (0.2 gm. per min.). With the pocket still clipped off, blood was obtained from the abdominal aorta.
The left adrenal weighed 0.214 gm. and contained 0.12 mg. of epinephrin; the right adrenal weighed 0.238 gm. and contained 0.12 mg. of epinephrin.
The experiment shows that after transection of the cord between the fifth and sixth cervical vertebra~ (through the fifth cervical segment, just below the fifth pair of nerve roots, as found at autopsy) the eye reactions were elicited by the adrenal blood, apparently in the same strength for a given time of closure of the cava pocket as before the section, although the interval between release of the pocket and the beginning of the pupil dilatation was somewhat lengthened, as would necessarily be the case owing to the lowered blood pressure and diminished speed of the blood. When the cord was now cut between the fourth and fifth dorsal vertebra~ (between the third and fourth segments, as shown at autopsy) no eye reactions could be obtained even with longer periods of occlusion of the pocket than sufficed to cause excellent reactions just before. That the negative result was not due to diminished blood flow, but that the adrenals were still capable of secreting epinephrin actively, was proved by stimulating the cord electrically by needle electrodes inserted one above the frith, and the other above the sixth dorsal spine while the adrenal blood was being collected in the pocket. Very good eye reactions followed the opening of the pocket, naturally after a longer interval than before the dorsal section, corresponding to the slower blood flow. The adrenal blood specimens now drawn off were so small that it was not quite certain whether some of the epinephrin in them might not have been liberated during the manipulations in inserting the cannula. Despite this, however, the concentration found even in the first specimen was somewhat less than 1 : 17,000,000, corresponding to an output of epinephrin per minute of 0.00002 mg.; that is, far below any concentration or output ever met with in the cat with intact adrenal innervation.
The experiments next to be considered, in which the animals were allowed to survive 2 or 3 days after the cord section 3 before the epinephrin output was tested, so that any possible irritative discharge might be eliminated, yield clear evidence that transection of the dorsal cord at the level mentioned in the last experiment, or even a segment higher reduces the rate of liberation almost to zero. Transection one segment lower abolished the liberation entirely, or at least reduced it so much that no epinephrin could be detected in the adrenal blood by sensitive rabbit intestine and uterus segments. The upper limit of the portion of the cord related to the spontaneous liberation of epinephrin was also further defined by survival experiments and these may be taken first. While the pocket was still dipped off blood was obtained from the abdominal aorta. While the pocket was being tied off some blood was left in it and the first adrenal specimen was therefore somewhat diluted. The autopsy showed that the cord had been divided between the last cervical and the first thoracic segments. Combined weight of adrenals 0.362 gm.
In survival experiments it is not so easy as in acute experiments to decide whether transections of the cervical cord leave the rate of liberation of epinephrin unaltered, or somewhat diminish it because the rate before and after the section cannot be compared on the same animal within a short interval of time. All that can be done is to determine whether the residual output after the cervical section is within the range established for animals under the same experimental conditions, but with intact central nervous system. In Experiment 5, as will be seen from the specimens of rabbit intestine and uterus tracings reproduced in Figs. 4 to 6, concentrations of epinephrin within the normal range s were found in the adrenal blood samples collected after section of the cervical cord between the last cervical and the first thoracic segments.
The adrenalin assays on the intestine segments gave a concentration, in the fourth adrenal specimen, of about 1:1,500,000 (Fig. 4,  Observation 19 ; Fig. 5 , Observation 27); and in the second adrenal specimen a concentration greater than 1:2,500,000 and less t h a n 1:1,500,000 (Fig. 4, Observation 21; Fig. 5 , Observations 29 and 27). Taking the concentration in the second specimen as 1 : 2,000,000, we get a liberation of epinephrin per minute of not quite 0.0002 mg. (0.0001 rag. per kilo of body weight). I t m a y be considered certain t h a t the o u t p u t which the glands would have been capable of maintaining with a more nearly normal blood flow was at any rate not less than this. I t might have been more, since as already mentioned, we rarely encounter concentrations of more than 1:1,000,000 in adrenal blood collected under our experimental conditions; and therefore the point might already bave been passed at which the declining blood flow can be compensated by increased concentration of epinephrin.
The fact that it was not necessary to administer an anesthetic in order to collect the adrenal blood in this animal, since the cord section had rendered the operative field totally insensitive, has probably no bearing on the question whether the rate of output was somewhat diminished by the cervical section. For although some writers have assumed that anesthetics markedly increase the rate of liberation of epinephrin, there is no real proof of this. In any case, if the anesthetic exerts its effect through the higher parts of the central nervous system, the administration of an anesthetic could not have increased the output of epinephrin in this animal. In reference to the experiments (Nos. 1 to 4) in which the epinephrin output was determined immediately after section of the cervical cord, it might be asked, however, whether the anesthetic had not already abolished the activity of any portion of the brain or bulb which might be related to the epinephrin secretion. Division of the cervical cord would in that case cause no diminution in the output of epinephrin if made above the level of the spinal center. An assumption equally plausible, but at present equally devoid of experimental basis, is that anesthetics abolish or lessen an inhibition of the spinal center from a center in the brain. On this hypothesis, the output of epinephrin seen after cervical cord section would be considered as greater, not smaller, than the normal output with intact central nervous system. The progressive increase in the concentration of epinephrin in successive adrenal blood samples associated with gradual diminution in the rate of blood flow is well brought out in the intestine tracings reproduced in Fig. 4 , and still better in the uterus tracings in Fig.  6 . This phenomenon and what underlies it--the stability in the rate of epinephrin discharge--is so characteristic when adrenal blood is collected with intact central nervous system, that its occurrence after spinal section lends support to the conclusion that the secretion of epinephrin when the connection of the cord with the brain has not been interrupted is also sustained largely, if not entirely, from the cord.
In the next experiment the eye reactions were studied in a cat 2 days after section of the cord just above the body of the seventh cervical vertebra.
Experiment 6. Condensed ProtocoL--Cat; weight 2.825 kilos. Left superior cervical ganglion excised 1 week, and spinal cord divided 2 days before the experiment, just above the body of the last cervical vertebra.
10.00 a.m. Anesthetized with ether while the tracheal camlula was being inserted; thereafter no more ether was required as the operative field was necessarily absolutely insensitive because of the previous section of the cord.
10.05 a.m. The abdomen was opened and the cava pocket made, all the usual arteries being tied. Distinct.
None.
The autopsy showed that the cord was divided through the seventh cervical segment, immediately below the origins of the seventh pair of nerves.
The fact that adrenal blood collected in the cava pocket caused good eye reactions was ascertained. It was shown by the injection of adrenalin solution that the amount of epinephrin secreted per minute was about 0.0004 rag. (0.00015 mg. per kilo of body weight per minute); this is a substantial output, although considerably less than the average, as estimated by eye reactions, in cats with intact central nervous system. 4 Various nerves going to the adrenals were then divided and the effect in diminishing the eye reactions was noted. After division of the fibers coming to the semilunar ganglia, the eye reactions elicited by adrenal vein blood collected in the cava pocket were markedly diminished. A 3 minute collection gave no re'actions, whereas before the nerve section a 1 minute collection caused a slight effect on the pupil, and a 2 minute collection good dilatation of the pupil and retraction of the nictitating membrane. After removal of both semilunar ganglia, which, of course, insured the section of any strands coming to the ganglia overlooked in the previous section, a 5 minute collection of adrenal blood caused no eye reactions, although previously a 2 minute collection gave good reactions. On release of a pocket occluded for 8 minutes, a small dilatation of the pupil was obtained.
In connection with the fact that slight eye reactions were still elicited with long periods of closure of the cava pocket even after extensive section of possible nerve paths to the adrenal glands, it must be pointed out that these nerve sections entail considerable manipulation of, and in the neighborhood of, the adrenals. With the slow blood i~ow toward the end of the experiment, epinephrin liberated by massage would take long to be complete]y washed out. It may be concluded that even the feeble reactions obtained after these nerve sections were not due entirely to genuinely secreted epinephrin. Survival experiments published elsewhere 2 have shown that the epinephrin output after section of the adrenal nerves is either abolished or reduced so much as to be incapable of detection by sensitive rabbit intestine and uterus segments. On the other hand, in acute experiments after the same nerve sections, although the output of epinephrin is greatly reduced, a content capable of detection is usually still found in adrenal blood.
It may, therefore, be confidently assumed that the whole output of epinephrin from the adrenals after section of the cervical cord near its lower limit is mediated through the same nerves which are concerned in the liberation with intact nervous system. The last two survival experiments to be quoted were made for the purpose of defining more exactly the lower limit of the spinal region concerned in the epinephrin secretion. In this cat 3 days after transection of the cord between the fifth and sixth thoracic segments no eye reactions could be evoked by adrenal blood even with relatively long periods of collection in the cava pocket, periods which would certainly have given good reactions either with intact central nervous system or with the cord cut in the cervical region. The reactions were not lacking because the iris and nictitating membrane were incapable of responding to small quantities of epinephrin. For even at an advanced period in the experiment, after the withdrawal of several samples of adrenal blood through a cannula in the cava, good eye reactions were obtained on injection of 0.001 rag. of epinephrin, and quite detectable reactions on injection of 0.0004 nag. Tested with rabbit intestine and uterus segments, the adrenal blood gave a negative result (Fig. 7 , Observation 27; Fig. 8 , Observations 6 and 12), although a concentration of epinephrin of 1:60,000,000 (Fig. 8, Observation 37) could easily have been detected by the intestine. There was evidence that the adrenal blood (third specimen) could not have contained even 1 : 100,000,-000 epinephrin, corresponding to an output of at most 0.000003 mg. per minute, not one-hundredth of the output to be expected in a normal cat under the experimental conditions. It must be repeated that there was no evidence that any epinephrin was being discharged by the adrenals. Nothing could be more striking than the contrast between the concentration and output per minute of epinephrin in this cat and in those whose spinal cord was transected towards the lower level of the cervical region. For instance, the concentration in the second adrenal specimen in Experiment 5 was 1:2,000,000; and the calculated output per minute, 0.0002 mg. Even when the cord was divided (Experiment 8) two segments higher in the dorsal region, through the third thoracic segment, although a slight epinephrin liberation was detected by intestine segments, the output was enormously reduced (to 0.000006 mg. per minute).
Experiment 8. Condensed
Protocol.--Cat; weight 3.65 kilos. Left superior cervical ganglion excised 10 days before the experiment. Spinal cord transected between the third and fourth dorsal vertebrae 3 days before the experiment. Condition excellent. Ether anesthesia was ttsed throughout the experiment. Long cava pocket prepared in the usual manner, renal, celiac, and mesenteric. arteries, and abdominal aorta being tied. While the pocket was still dipped off a second specimen of indifferent blood (jugular) was obtained. The autopsy showed that the spinal section (between the third and fourth dorsal vertebra) was through the origins of the third pair of thoracic nerves. The bloods were tested on rabbit segments. The right adrenal weighed 0.200 gm. and contained 0.18 mg. of epinephrin; the left adrenal weighed 0.208 gm. and contained 0.18 rag. of epinephrin.
The concentration of epinephrin in the third adrenal specimen (Fig. 9 , Observation 30) was distinctly less than 1:135,000,000 (Observation 32), and very much less than 1:70,000,000 (Observation 28). The concentration in the fifth adrenal specimen was somewhat greater than 1: 135,000,000. The eye reactions were negative, even when the cava pocket was dosed for as much as 5 minutes, although the injection of 0.00025 rag. of epinephrin gave a definite pupil dilatation, and the injection of 0.0004 mg. a very good dilatation of the pupil and retraction of the nictitating membrane.
The results of the whole series of experiments are singularly consistent, particularly in view of the fact that there has been no selection of experiments. The eight experiments comprise all those performed, except one which has not been reported because the animal died before it was satisfactorily completed. 5 The results indicate In this animal the cord was divided between the second and third thoracic vertebra, just below the origins of the second thoracic nerves, or nearly a segment higher than the highest dorsal section in the experiments reported. 3 days afterwards the eye reactions (the left superior cervical ganglion had been exdsed a week before the experiment) were found negative with collections in the cava pocket up to more than 3 minutes, although very good pupil and nictitating reactions were elicited by injection of 0.0015 rag. of epinephrin, and slight reactions by the injection of 0.0006 mg. The blood flow at the time of these observations was quite satisfactory, but the animal died be-
S P O N T A N E O U S LIBERATION OF EPINEPIIRIN
clearly that there exists in the cord between the last cervical segment and the fourth thoracic s e~a e n t a mechanism which sustains the o u t p u t of epinephrin from the adrenal glands after the cord is severed from the higher parts of the central nervous system. The experiments prove definitely t h a t the center does not extend lower than the thoracic segment mentioned, and t h a t at least an i m p o r t a n t part of it lies below the level of the last cervical segment. The possibility, however, is not excluded t h a t the center m a y extend for some distance above the last cervical segment. I t is of interest in connection with the currently accepted view of the development of the adrenal medulla, t h a t the portion of the cord at which the sympathetic outflow begins should be identified as a center controlling the liberation of the only constituent of its secretion hitherto definitely recognized. If epinephrin in the quantities and concentrations in which it appears in the adrenal blood could be shown to fulfil an i m p o r t a n t office in maintaining the function of the sympathetic b y activating certain of its elements, or b y heightening or prolonging the effects resulting from its excitation, the location of an epinephrin center in the sympathetic region of the cord might perhaps acquire a new significance, s I t m i g h t fore adequate adrenal blood samples could be drawn off from the cannula in the cava. The.small quantity of adrenal blood obtained while the blood was flowing very slowly showed a good concentration of epinephrin as tested on the rabbit segments. Since the eye reactions cannot in general detect outputs of epinephrin easily detectable by the rabbit segments, this result, although no great stress can be laid upon it in the absence of better samples of adrenal blood, is quite consistent with the general conclusion deduced from the other experiments as to the position and limits of the portion of the cord concerned in epinephrin secretion from the adrenals. 6 It is difficult to demonstrate that the epinephrin spontaneously liberated from the adrenals has any effect upon the blood pressure unless its action is accumulated by collecting the adrenal blood in a cava pocket and then releasing it. The majority of recent observers have not seen any change in the blood pressure when the adrenal veins are carefully clipped. On the denervated eye, however, we have observed a phenomenon which indicates that even the small concentrations of epinephrin which can exist in the capillary blood when the adrenal blood is passing steadily into the circulation without being accumulated in the cava pocket can produce a demonstrable effect upon these extraordinarily sensitive objects. When the pupil has been dilated or the nictitating membrane retracted by release of adrenal blood collected in the cava pocket, the dilatation then be permissible to speculate upon the possibility that the relative constancy of the epinephrin discharge, so puzzling on the hypothesis that it directly influences physiological events in virtue of the truly gross changes necessary to produce a detectable hyper-or hypoadrenalinemia, is associated with a more general and permanent action upon the sympathetic mechanisms, which does not entail the necessity of abrupt outbursts and remissions in the rate of liberation. To employ a simile which is doubtless excessively crude: if epinephrin is not the horse in the sympathetic machine, which must go now faster, now slower; nor even the whip which must sometimes be wielded, vigorously and then be laid aside, is it not perhaps the lubricant which, whether the axle turns fast or slow, need not vary much in amount?
The possibility must, however, not be lost sight of, that epinephrin although the first definite constituent of the adrenal secretion to be discovered is not the only, nor the most important one which exists. It is difficult to conceive of a nervous control so complete as that which governs the output of epinephrin being developed in the case of a substance functionally unimportant. Yet, as we have shown in another place, 2 the output of epinephrin from the adrenals in cats is greatly and permanently reduced or abolished by section of the adrenal nerves without apparently interfering with the life or health of the animal. Section of the dorsal cord which, as has been shown above, produces a similar effect upon the output of epinephrin is also well known to be compatible with good health and long survival. Is there perhaps some as yet unknown substance of more importance than epinephrin which is normally given off from the adrenals under the influence of nerves, the secretion of which is eventually resumed after the nerves have been severed? SUMMARY.
1. After section of the spinal cord in cats in the cervical region, as low as the last cervical segment, epinephrin continues to be liberated from the adrenal glands. This liberation has all the characters of of the pupil disappears more slowly and the nictitating membrane comes forward more gradually when the pocket is left open than when it is clipped. Obviously, the steadily liberated epinephrin exerts an effect in prolonging the reactions once they have been elicited. the normal secretion with intact central nervous system. It is sustained through the same nerve paths connecting the cord with the adrenals.
2. After section of the cord in the middorsal region the spontaneous liberation of epinephrin from the adrenals is abolished within the limits of detectability by the methods employed (denervated eye reactions of Meltzer, and rabbit intestine and uterus segments)/ 3. The portion of the cord concerned in the liberation of epinephrin does not appear to extend much below the third thoracic segment.
4. In acute experiments on cats under urethane anesthesia no change in the rate of liberation of epinephrin, which could be detected by the tests employed, was observed when the cord was severed in the cervical region.
EXPLANATION OF PLATES.
PLATE 44.
FIG. I. Intestine tracings.
Blood from a cat. At 2 Ringer's solution was replaced by jugular blood, and this at $ by the second adrenal blood specimen, collected with intact spinal cord. At 6 and 9 Ringer's solution was replaced by jugular blood, and this at 7 and 10 by the sixth and eighth adrenal blood specimens respectively, collected after section of the cord between the fourth and fifth cervical segments. All the bloods were diluted with four volumes of Ringer's solution. Reduced one-third.
Fro. 2. Intestine tracings. Blood of the same cat used for Fig. 1 . At 35 Ringer's solution was replaced by arterial blood, and this at 36 by the second adrenal blood specimen, collected before section of the cord. At 43 Ringer's solution was replaced by arterial blood, and this at 44 by the third adrenal blood specimen, collected just after transection of the cord between the fourth and fifth cervical segments. All the bloods were diluted with three volumes of Ringer's solution. At 37 Ringer's solution was replaced by arterial blood~ diluted with three volumes of Ringer's solution, and this at 38 by arterial blood to which adrenalin had been added to make up a concentration of 1 : 13,000,000, the adrenalin blood being then diluted with three volumes of Ringer's solution. Reduced one-third.
We have since found that semisection of the cord (between the fourth and fifth dorsal segments in one cat, between the third and fourth segments in another) abolished the liberation of epinephrin from the adrenal of the same side without affecting the liberation from the other adrenal. At 36 Ringer's solution was replaced by the third adrenal specimen; at 37, by the second, both diluted with eight volumes of Ringer's solution. The third specimen has a stronger effect than the second, corresponding to the slower blood flow during its collection. But as the increase of tone produced by the second specimen even was nearly maximal, greater dilution was necessary to show the difference dearly. At 38 Ringer's solution was replaced by the second adrenal specimen, and at 39 by the third, both diluted with twelve volumes of Ringer's solution. The difference is now evident. At 40 Ringer's solution was replaced by the fourth, and at 41 by the third adrenal specimen, both diluted with sixteen volumes of Ringer's solution. The increase of tone produced by the third specimen was now so nearly maximal for the condition of the segment at the time that greater dilution was resorted to, to bring out the difference, clearly seen in Observations 43 and 44, where Ringer's solution was replaced by the third and fourth specimens respectively, both diluted with twenty-four volumes of Ringer's solution. At 42 Ringer's solution was replaced by indifferent (arterial) blood, diluted with twenty-four volumes of Ringer's solution. Reduced one-half.
FIG. 7. Intestine tracings. Adrenal blood from a cat after section of the cord between the fifth and sixth dorsal segments. At 25 Ringer's solution was replaced by indifferent (arterial) blood, and this at 27 by the third adrenal specimen, both bloods being undiluted. The magnification is high, nearly twice as great as in Fig. 8 , in order to afford the best chance for an inhibitory effect to be seen on the tracing. The writing point went somewhat above the drum after the addition of the adrenal blood and no inhibition was produced. To save space, the tracing has been cut horizontally. To reconstruct it, the right-hand portion may be imagined to be pushed up to the top of the figure and then to the left till it is in line with the left-hand portion. PLATE 47.
FIG. 8. Intestine tracings.
Blood from the same cat as in Fig. 7 , but with a smaller magnification. At 5 and 11 Ringer's solution was replaced by arterial blood, and this at 6 and 12 by the fourth and the third adrenal specimens, respectively, the bloods being diluted with four volumes of Ringer's solution. At 34 and 36 Ringer's solution was replaced by arterial blood (undiluted) , and this at 35 and 37 by adrenalin in arterial blood (1: 40,000,000 and 1 : 60,000,000 respectively). The adrenalin blood was undiluted. Reduced one-third.
FIG. 9. Intestine tracings. Adrenal blood from a cat after section of the cord through the third thoracic segment. At 29 Ringer's solution was replaced by jugular blood, and this at 30 by the third adrenal blood specimen. At 27 and 31 Ringer's solution was replaced by jugular blood, and this at 28 and 32 by jugular blood to which adrenalin had been added to make up a concentration of
